We present and analyze a hybrid quantum system that interfaces a Majorana-hosted semiconductor nanowire with a single nitrogen-vacancy (NV) center via a magnetized torsional cantilever. We show that, the torsional mode of the mechanical resonator can strongly couple to the Majorana qubit and the spin qubit simultaneously, which allows to interface them for quantum state conversion through a dark state protocol. This work provides a promising interface between the topological qubit and the conventional spin qubit, and can find interesting applications in quantum information and computation.
I. INTRODUCTION
Majorana Fermion quasiparticles (MFs) realized in condensed matter systems have attracted great interest in recent years [1] [2] [3] [4] [5] , because they provide a very intriguing platform for quantum science and technology. The proposed realizations include p x + ip y superconductors [6] , edges of 2D topological insulators [7] , quantum Hall states at filling factor 5/2 [8] , and 1D semiconducting quantum wires with strong spin-orbit interactions [9] [10] [11] [12] [13] . In these systems, the spin-orbit coupled semiconductor wires with proximity-induced superconductivity are of particular interests for their simple architectures. For the 1D quantum nanowire, the MFs are predicated to localize through the competition between the superconducting proximity effect and the Zeeman splitting. Recently, several experiments aiming at establishing the existence of MFs have been reported [14] [15] [16] [17] . Meanwhile, it has been shown that the Majorana qubits can be controlled by integrating with the conventional ones, such as the flux qubits and the spin qubits [18] [19] [20] [21] [22] [23] .
Topological qubits are one of the most promising candidates for quantum computation due to their extreme robustness against local fluctuations. However, the technical challenges are considerable: (i). it is well known that braiding operations of MFs cannot generate a complete set of universal quantum logic gates required for quantum computation; (ii). it is still challenging to operate and readout the quantum states of the MFs. To overcome these problems, several types of hybrid quantum architectures coupling the topological qubits to the conventional ones have been proposed. One potential route is controlling the microscopic wave function of the superconductors, which allows the strong coupling between a topological qubit and a flux qubit, or a mechanical oscillator [24] [25] [26] . Other promising schemes include utilizing the Aharonov-Casher effect [27] [28] [29] , or the fractional Josephson effect [30] [31] [32] . So far, for all of these protocols, further experimental demonstrations are needed to * lipengbo@mail.xjtu.edu.cn verify their feasibility.
For the conventional qubits, nitrogen-vacancy (NV) centers in diamond are more attractive due to their unique features, such as the fast microwave manipulation, optical preparation and detection, and long coherence time even at room temperature [33] [34] [35] . In recent years, there has been considerable effort to integrate NV centers in hybrid quantum systems, allowing the preparation of fantastic quantum states [36] [37] [38] [39] [40] [41] , design of quantum logic gates [42] [43] [44] [45] [46] , and storage or transfer of quantum information [47] [48] [49] [50] [51] [52] . To further explore the potential of hybrid quantum systems, it will be very appealing to interface topological qubits with NV centers coherently. Integrating the topological degrees of freedom with the complete gate operations of NV spins, will provide a promising multi-qubit platform for quantum computation. However, the energy mismatch between these two kinds of qubits possesses a major obstacle for their coupling.
In this paper, we consider a hybrid quantum device interfacing a topological qubit with a single NV center via a magnetized torsional cantilever. The topological qubit under consideration is realized in a spin-orbit coupled semiconductor nanowire, which is embedded on top of an s-wave superconductor to form a semiconductorsuperconductor heterostructure. Here the torsional cantilever is realized by an individual single-walled nanotube (SWNT) with a nano-size magnet attached. This nanoscale mechanical structure enables us to combine an isolated NV center with the strong spin-torsion couplings. Together with the strong topology-torsion couplings induced by the Magneto-Josephson effect [53] , the mechanical torsional mode can strongly couple to both the Majorana qubit and the NV center. This enables coherent quantum states conversion between the Majorana qubit and the spin qubit via a dark-state protocol. Owing to the topologically protected robustness and the universal quantum logic gates of NV spins, there will be more potential applications utilizing this hybrid architecture.
II. DESCRIPTION OF THE DEVICE
As shown schematically in Fig. 1 , the hybrid quantum device under consideration consists of a topological qubit realized in a Majorana-hosted semiconductor nanowire, a magnetized torsional cantilever, and a single NV center. The MFs in this architecture are realized in a spin-orbit coupled semiconductor nanowire with proximity-induced superconductivity. This 1D quantum nanowire could be driven to the topological phase regime, and the MF exists as a quasiparticle at the boundary between the topological (T) and non-topological (N) regions [9] [10] [11] [12] . Here we divide the semiconductor nanowire into three sections to form a TNT junction [11, 32] , and define the topologically protected MFs asγ 1/2/3/4 .
In this setup, the magnetized torsional cantilever is realized by a nanomagnet with dimensions (l, w, t) suspended on a SWNT. Specifically, the individual SWNT works as a torsional spring and mechanical support, which allows the suspended nanomagnet to rotate along the tube (z) axis (see Fig. 1 ). Without loss of generality, we assume that the nanomagnet can only rotate along the z axis with a small amplitude, then the Hamiltonian of the torsional cantilever reads
, where ω m , I z ,L, andθ are the torsional frequency, moment of inertia, angular momentum, and angular displacement, respectively. Similar to the canonical conjugate observableX andP of the center of mass mode, the rotational degree of freedom can be quantized [54] , and the motion of the torsional cantilever can be described by the annihilation and creation operatorŝ
where L zpf = ℏI z ω m /2 and θ zpf = ℏ/(2I z ω m ) denote the zero point fluctuations of the torsional mode.
A. MFs in 1D semiconductor nanowire
We first describe the 1D quantum nanowire hosting MFs. As shown in Fig. 1 , the semiconductor nanowire is embedded on the top of an s-wave superconductor, and an external magnetic field b = b e z along the z axis is applied. There are two nanomagnets positioned straight above the nanowire: one is stationary in the left region, and the other is free to vibrate in the right region. We assume that the magnetic fields induced by the two magnets is in the xy plane, i.e., B = B cos θ e x + B sin θ e y . We further use the angular displacement of the torsional cantilever to denote the relative field angle, which implies θ = θ r − θ l .
The single-particle effective Hamiltonian for the semiconductor wire reads H 0 =p 2 /2m * − µ+ bσ z − α(ˆ σ ×ˆ p)·ẑ [9] , where m * , µ, b, and α are the effective mass, chemical potential, longitudinal magnetic field, and Rashba spin-orbit coupling strength, respectively. As a result of the proximity effect, the Cooper pairs tunnelling into the nanowire can be described by the Hamiltonian
., with ∆e
iφ the proximityinduced gap. We now introduce the Nambu spinor basiŝ
, and model the 1D semiconductor nanowire with a Bogoliubov-de Gennes Hamiltonian
where the Pauli matricesσ i andτ i represent the spin and particle-hole sectors, respectively.
As shown in Ref. [53] , this semiconductor nanowire can be driven to the topological phase regime when ∆ 2 − b 2 < B 2 − µ 2 , and to the non-topological phase regime when
. Note that Refs. [55, 56] give the similar results. In particular, the Bogoliubov operators of the quantum nanowire take a general form asγ k = u k↑ψk↑ + u k↓ψk↓ + v k↑ψ † −k↑ + v k↑ψ † −k↓ . For Majorana operators that satisfyγ † k =γ k , they may only occur in the momentum inversion symmetric condition k ≡ −k, i.e., k = 0. In the quantum nanowire, this indicates a phase boundary between the T and N regions [57] .
The exactly zero-energy Majorana modes exist only in the ideal case where the two MFs possess an infinite distance. For a finite nanowire, the MFs gain a small energy as a result of the weak overlap of their wave functions. However, the wave functions are still well localized at the boundaries, and we still haveγ † ≃γ in general. Therefore, these MFs with nonzero energies can still be utilized to encode quantum information. We now denote the lengths of the three nanowire sections as l l/m/r , then the MFs in the 1D semiconductor nanowire can be described by an effective low energy Hamiltonian
where E l , E m (θ), and E r are the coupling energies between the adjacent MFs.
B. Magneto-Josephson effect
To perform quantum information processing with the topological degree of freedom, different ways to manipulate the MFs have been studied [58] [59] [60] [61] [62] . One potential route is to utilize the fraction Josephone effect [63, 64] . Different from the conventional Josephson effect that allows tunneling by Cooper pairs only, the fraction Josephone effect supports single electron tunneling [32] , and possess a 4π-periodic coupling energy [65] . Moreover, it has been shown that the Magneto-Josephson effect can be used to realize the coherent coupling between the Majorana qubit and the magnetized torsional cantilever [53] . In particular, the spin current induced by the MagnetoJosephson effect serves as a mechanical torque acting on the nanomagnet, which leads to the strong topologytorsion coupling.
For the TNT junction realized in the semiconductor nanowire, both the superconducting phases and the magnetic fields have contributions to the fractional Josephson effects. These contributions can be analysised by the magnetism-superconductivity duality: if we interchange the magnetic terms {b, B, θ,σ i } with the superconducting terms {µ, ∆, φ,τ i }, the Hamiltonian (2) takes the same form [55] . In a general case, the coupling interaction betweenγ 2 andγ 3 takes form as
) [57] . In our system, we set the superconducting phases as the constants (i.e., φ l = φ m = φ r ), then the coupling energy E m can be tuned by changing the relative field angle θ.
To study the Magneto-Josephson effect in the TNT junction, we now map the Bogoliubov-de Gennes Hamiltonian (2) to the tight-binding model
For this lattice version, t = 2 /(2m * a 2 ) is the nearestneighbor hopping strength, a is the lattice spacing constant, α is the spin-orbit coupling strength, b i↑/↓ = ±b is the Zeeman splitting, andĉ iσ (ĉ † iσ ) is the annihilation (creation) operator of an electron with spin σ =↑ (↓). We conduct numerical simulations by considering a 1D lattice model with 500 grid sites (300, 20, and 180 sites for the left, middle, and right regions, respectively). Here the energy eigenvalues of the system are denoted as ±ε i , with the corresponding eigenstates |φ ±εi . As shown in Figs. 2(a) and (b), the eigenstates |φ ±ε1 correspond to the excitations ofγ 1 andγ 4 , while the eigenstates |φ ±ε2 correspond to the excitations ofγ 2 andγ 3 . Theoretically, the isolated MFs can be obtained by combinations of these eigenstates in the limit ε 1,2 ≃ 0, i.e., |φ γ1,4 = 1 √ 2
(|φ ε1 ± |φ ε−1 ), and |φ γ2,3 = 1 √ 2
(|φ ε2 ± |φ ε−2 ). Induced by the overlap of the edge states, the coupling energy between MFs decays exponentially with the separation [66] . According to Ref. [53] , we now estimate the coupling energy E m (θ) through the lowest order perturbation theory, and obtain
Then, we observe a 4π-periodic dependence between E m and θ, as shown in Fig. 2(c) . We also calculate the spin current passing through the middle region as J m = (e/ ) ∂E m (θ) ∂θ [67] , and the result is shown in Fig. 2 
C. Topology-torsion couplings
We now discuss the coherent coupling between the Majorana qubit and the torsional motion. Firstly, we combine the MFs to construct two conventional Dirac fermions, and obtainf l = (γ 1 + iγ 2 )/2 andf r = (γ 3 + iγ 4 )/2. Then, the two quantum states of the Dirac fermions, corresponding to the number of electrons on either side of the Josephson junction, can function as a physical topological qubit. These two states are denoted asn x =f † xfx = 0 or 1 (x = l, r), with parityP x = (−1)f † xf x = ±1. As braiding operations can not change the total parityP =P lPr of the system, four MFs are usually needed to define a logical topological qubit [24, 30] . We now define the topological qubit in the odd parity subspace, and obtain |φ T P = c 1 |0 l |1 r + c 2 |1 l |0 r . For this topological qubit, we also have [32] 
In this setup, it is the θ dependence of the hybridization energy E m (θ) that leads to the strong topologytorsion coupling [53] . In particular, by expanding E m (θ) in Eq. (3) around θ 0 to the first order, we arrive at
In what follows, we consider the case in which E m (θ 0 ) ≃ 0 (see Fig. 2 (c) ), then the Hamiltonian of the topology-torsion dynamics has the form
where ω T P = (E r − E l )/ℏ, and g = 1 ℏ ∂Em(θ) ∂θ θ zpf is the topology-torsion coupling strength. By tuning the hybridization energy E l and E r , we can steer the topology-torsion coupling to the near-resonance condition ω T P ≃ ω m . Under the rotation-wave approximation, the topology-torsion dynamics can be described bŷ
We now take into consideration the couplings between the mechanical torsional mode and the single NV center. Before proceeding, we note that coherent interactions between NV centers and several types of mechanical resonators have been studied [68, 69] . These mechanical resonators include clamped cantilevers [70] , optically trapped nano-diamond crystals [71] [72] [73] , suspended carbon nanotubes [74] , etc. In this setup, the single NV center is positioned straight above the magnetized torsional cantilever, as shown in Fig. 3(a) . When the nanomagnet rotates, the projection of the magnetic field along the spin component is changed, resulting in a magnetic coupling between the torsional mode and the NV center. The strong magnetic coupling can be achieved by exquisite preparation of the dressed spin states.
An NV center in diamond consists of a substitutional nitrogen atom replacing a carbon atom and an adjacent vacancy. The electronic ground states of a single NV center are spin triplet states denoted as |m s = 0, ±1 , and the zero-field splitting D gs between the degenerate sublevels |m s = ±1 and |m s = 0 is 2π × 2.87 GHz. For moderate applied magnetic fields, static magnetic field B z = B z e z causes Zeeman splitting of the states |m s = ±1 , while external microwave field B dr = B 0 cos ω 0 t e x polarized in the x direction drives the states |m s = 0 and |m s = ±1 , as shown in Fig. 3(b) . For convenience, we denote as the z axis the crystalline axis of the NV center.
The magnetic field B mg (θ) induced by the suspended nanomagnet depends on the angular displacement θ. We assume that the NV center is placed in the position where B mg (θ) is along the x axis, i.e., B mg (θ) = B mg cos θ · e x + B mg sin θ · e z , and θ ≃ 0. Then, the interaction of the NV center with the total magnetic fields (external driving and from the nanomagnet) can be described bŷ (9) where g e = 2 is the NV landé factor, µ B = 14MHz mT −1 is the Bohr magneton, andˆ S = (Ŝ x ,Ŝ x ,Ŝ z ) is the spin operator of the NV center. The motion of the torsional cantilever attached with the nanomagnet produces an angular and time dependent magnetic field B int (θ) ∼ ∂ θ B mg (θ)θ cos ω m t, which result in a spintorsion coupling interactionĤ int = g e µ B B int (θ) ·ˆ S ≃ ℏλ(b † +b)Ŝ z cos ω m t, where the coupling constant λ = g e µ B B mg θ zpf /ℏ is proportional to the magnetic field B mg and the zero-point angular extension θ zpf . In the rotating frame at the frequency ω m , we can acquire the Hamiltonian to describe the spin-torsion dynamicŝ
Note that the far-off resonant interactions between the NV spin and the static and low frequency components of magnetic fields along the x axis can be ignored. In the basis defined by the eigenstates ofŜ z , i.e., {|m s , m s = 0, ±1}, withŜ z |m s = m s |m s , we havê
(|0 +1|+|0 −1|+H.c.). In the rotatingframe at the driving frequency ω 0 and under the rotatingwave approximation, we get
where ℏ∆ ± = ℏD gs ± g e µ B (B z ± B mg sin θ) − ℏω 0 , and ℏΩ = √ 2 4 g e µ B B 0 . In the following we consider the symmetric detuning condition ∆ + = ∆ − = ∆ for simplicity (e.g., B z → 0). We now define the bright spin state |b = (| + 1 + | − 1 )/ √ 2 and the dark spin state |d = (| + 1 − | − 1 )/ √ 2. Then we find that the Hamiltonian (12) couples the state |0 to the bright state |b , while the dark state |d remains decoupled. The resulting eigenstates ofĤ N V are therefore given by |d and two dressed states |g = cos(α)|0 − sin(α)|b and |e = sin(α)|0 + cos(α)|b , with tan(2α) = 2 √ 2Ω/∆. The corresponding eigenfrequencies are given by ω d = ∆, ω e/g = (∆ ± √ ∆ 2 + 8Ω 2 )/2, as illustrated in Fig. 3(c) .
In the dressed state basis {|g , |d , |e }, the Hamiltonian (10) can be rewritten aŝ
where λ g = −λ sin(α) and λ e = λ cos(α). We further adjust the values of B 0 to drive the system to the resonance condition ω ed ≃ ω m ≪ ω dg , and then the far-offresonance state |g can be neglected. Under the rotatingwave approximation, the spin-torsion dynamics can be described by the JC interaction Hamiltonian 
III. EXPERIMENTAL PARAMETERS
According to the Hamiltonian (8) and (14) , the whole system can be described bŷ
The first three terms describe the free Hamiltonian of the system, while the last four terms describe two JC interactions: one between the torsional mode and the topological qubit, and the other between the torsional mode and the single NV center. As the torsional cantilever couples to the Majorana qubit and the NV center simultaneously, it is possible to work as a quantum interface for quantum state conversion.
Let us discuss the dynamics of the system in a realistic situation. For this setup, the relaxation (Γ 1 ) and dephasing (Γ 2 ) of the Majorana qubit, the decay of the mechanical resonator (γ m ), and also the dephasing of the NV center (γ s ) should be taken into consideration. As a result, the full dynamics of this system can be described by the following master equation
where n th = (e ℏωm/kB T − 1) −1 is the thermal phonon number at the environment temperature T , and D(ô) = oρô † − 1 2ô †ôρ − 1 2ρô †ô for a given operatorô. We now consider the experimental feasibility of our scheme and the appropriate parameters to achieve strong The topological qubit is initially in state |1 , while the torsional mode is initially in the ground state and the NV center in the state |d . We consider the system in a realistic case, with the coupling parameters g = λg = g0 ∼ 2π × 200 kHz, and the decay parameters Γ1 = Γ2 = 0.05g0, γm = 0.0002g0, n th = 104, and γs = 0.1g0.
couplings. This manuscript employs the magnetized torsional cantilever to interface the Majorana qubit and the conventional spin qubit. As an alternative, one may also use the edge states of topological insulators or the planar Josephson junctions [75] to realize the Majorana qubit, which requires weaker magnetic fields. For the magnetized torsional cantilever, the nanomagnet suspended on the single-walled nanotube has a size of 80 × 40 × 20 nm 3 , and a moment of inertia of I ∼ 4.8 × 10 −33 kgm 2 with respect to the tube axis [76] . Then the torsional cantilever has a resonance frequency ω m = [
MHz, and an angle of zero point fluctuations θ zpf = (ℏ 2 /KI) 1/4 ∼ 3×10 −5 , with K ∼ 3×10 −18 Nm per radin the torsional spring constant of the tube axis. As shown in Fig. 2(c) , the topology-torsion coupling energy is about E m (θ ≃ 0) ∼ 42 µ eV, which implies a coupling constant g ∼ 2π × 200 kHz. Moreover, the spin-torsion coupling can be modified by the distance between the torsional cantilever and the NV center. For a distance h ∼ 80 nm, one can obtain B mg ∼ 80 mT [77] and λ e ∼ 2π × 200 kHz.
We now take the decoherence processes of the system into consideration. In practical situations, the relaxation and dephasing rates of Majorana qubit are strongly depended on the concrete realization, and here we take Γ 1 ≃ Γ 2 ∼ 2π×10 kHz [58, 78] . When it comes to the mechanical damping, the recent fabrication of carbon nanotube resonators can possess quality factors exceeding 10 5 . For a torsional cantilever with ω m ∼ 2π×4 MHz, the mechanical damping rate is about γ m = ω m /Q ∼ 2π × 40 Hz, and the the thermal phonon occupation number is about n th ∼ 104 at the temperature of T ∼ 20 mK. As for the NV center, the dephasing time T 2 as long as several milliseconds can be reached in ultrapure diamond [79] , and here we take γ s ∼ 2π × 2 kHz. Finally, with these realistic parameters, we perform numerical simulations for the quantum dynamics of the system by solving the master equation (16) . As shown in Fig. 4 , the coherent interactions can dominate the decoherence processes in this hybrid quantum device, which enables the system to enter the strong coupling regime.
IV. DARK STATE CONVERSION
In the previous sections, it is shown that the magnetized torsional cantilever can be employed as an intermediary to link the topological qubit and the single NV center. Utilizing this quantum interface, one of the applications is to transfer the quantum state from the topological qubit to the spin qubit. The efficiency of the transformation relies on the specific protocol for quantum state conversion. To transfer quantum state in this setup, we show that both the direct-transfer scheme and the dark-state protocol are available.
As shown in Eq. (15) , this hybrid tripartite system can be modeled by a beam-splitter Hamiltonian composed of two JC interactions. Therefore, we can use the JC interactions for quantum state conversion. In particular, this direct-transfer scheme usually includes two steps: step 1, turn on the topology-torsion couplings g for a time t 1 = π 2g (while λ e = 0), to transfer the quantum state from the Majorana qubit to the torsional mode; step 2, turn off g and turn on the spin-torsion couplings λ e for a time t 2 = π 2λe (while g = 0), to map the quantum state from the torsional mode to the spin qubit. Note that this direct-transfer scheme has been studied in optomechanical system [80] . In our setup, the topology-torsion couplings g can be controlled by the electrostatic gates [58] , while the spin-torsion couplings λ e can be controlled by the external driving fields.
As the direct-transfer scheme may suffer from decoherence of the mechanical mode, here we propose to realize the coherent quantum state conversion via a dark-state protocol [81] [82] [83] . This dark-state protocol is particularly robust against mechanical dissipations, as it decoupled from the vibrational mode. We proceed by assuming that ω m ≃ ω T P ≃ ω N V . To describe quasiparticles formed by combinations of spin and Majorana excitations, we now introduce two polariton operatorsĉ br = sin(β)σ
Then, one can verify that the Hamiltonian (15) can take a compact form
whereĉ ± = (1/ √ 2)(ĉ br ±b) describe polarons formed by combinations of polariton and phonon excitations. The corresponding frequencies of the polarons areω d = ω m , ω ± = ω m ± λ 2 e + g 2 . We refer toĉ dk as the mechanically dark polariton operator, as it involves the spin and Majorana operations only, decoupled from the torsional mode.
The excitation ofĉ dk means the system remains in the mechanically dark state. Utilizing the adiabatic evolution of the dark state, we can transfer the quantum state from the topological qubit to the single NV center. In particular, in the limit β = 0, we getĉ dk = −σ − T P , while in the limit β = π/2, we getĉ dk =σ − N V . This implies, if we adiabatically rotate the mixing angle β form zero to π/2, the mechanically dark polaritonĉ dk would evolve from −σ − T P toσ − N V . At the same time, the quantum state of the topological qubit could be transferred to the spin qubit except for a phase factor e −iπ . Similar to the well-known stimulated Raman adiabatic passage, the dark state protocol can be implemented by an adiabatic passage approach. To transfer the quantum state from the topological qubit to the NV center, we initially make λ e (t) larger than g(t), but keep g(t) finite. Then, we modulate the coupling parameters carefully so that the dark polariton operator evolves adiabatically from −σ − T P at the beginning toσ − N V at the end. Meanwhile, the quantum state of the topological qubit will be transferred to the NV center as the system evolves. To satisfy the adiabatic conditions, one need to modulate the coupling strengths slowly to ensure that the system adiabatically follows the dark polaritons. We perform numerical simulations for the dark-state protocol by solving the master equation (16) with Hamiltonian (15) , where the coupling parameters g(t) = g 0 e −(t−π)
|1 as displayed in Figs. 5(c) and 5(d). For the ideal case without decoherence, high fidelities 0.96, 0.99 can be reached, as shown in Figs. 5(a) and 5(c). We find that, as the system evolves, the quantum states of the topological qubit is slowly transferred to the NV center spin in the conversion process. Then, when it turns to the realistic case, high fidelities 0.83 and 0.93 can be reached, as shown in Figs. 5(b) and 5(d). Therefore, this dark-state protocol works very well in practical conditions.
V. CONCLUSIONS
In summary, we present a hybrid quantum device interfacing a topological qubit and a single NV center via a high-Q magnetized torsional cantilever. We show that, the mechanical torsional mode can strongly couple to the Majorana qubit and the single NV center simultaneously, and then interface them for quantum states conversion. In particular, the topology-torsion couplings are induced by the spin currents passing through the TNT junction, while the spin-torsion couplings can be realized by the exquisite preparation of dressed spin states and using a suspended nanomagnet. We also find that, under resonance conditions, one eigenstate of the system is the mechanically dark state, which provides a dark-state protocol for quantum states conversion with very high fidelities. As the mechanical mode keeps unpopulated during the conversion process, this dark-state scheme is extremely robust against mechanical damping. This hybrid quantum architecture integrated with the topological qubits and NV spins provides a potential platform for quantum information processing. 
